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Evapotranspi ra t ion is considered to depend on three factors : the capi l lary 
movement of water through the unsaturated soil to the root surface, the 
t r ansmiss ib i l i ty of the s tomata and the evaporative capacity of the atmosphere 
It has proved to be possible to evolve a quantitative descript ion of the 
flow of mois ture through the soil and the plant. This flow is a function of the 
availabili ty of the soil mois tu re and the consumptive needs of the plant 
depending on the potential evaporat ion due to radiat ion. In the formula, p a r a -
m e t e r s of the soil , the plant and the cl imate descr ibe how évapotranspi ra t ion 
is determined by the co-operat ing fac tors . The elaborat ion which leads to the 
formula is given e lsewhere (VISSER, 1962, 1963 a, b and c). Here we will 
deal par t icu lar ly with the p a r a m e t e r s depending on the p roper t i e s of the plant 
The flow equation 
The formula uses as s tar t ing point a descr ip t ion of the extract ion of 
mois tu re from a cylinder of soil around each root . The mois ture flow con-
ve rges to the soi l - root in ter face . The flow into and through the plant may 
be considered as Poisseui l le flow through a number of flow sect ions , each 
with a specific length 1 , a constant conductivity k and c ro s s sectional 
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a r ea of flow F . To one of these sect ions, represent ing the s tomata, special 
considerat ion will be given. 
The influence of the soil mois tu re availability V., the evaporative capac -
ity of the a tmosphere E and the flow res is tance in the s tomata As = 1 / k F 
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is given by the formula: 
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In fig. 1 the influence of g, E and V on the évapotranspi ra t ion E* as 
given by formula (1) is depicted. 
Fig . 1. Change in E - fig. a - and V - fig. b - have the effect of changing 
the horizontal asymptote of the curve . Change of g - fig. c - changes 
both a sympto tes . 
Meaning of the symbols 
The p a r a m e t e r s and constants appear in the formula as single values or 
lumped together , with the following meaning and composition: 
E = evaporation of open water , for which pan values or calculated values 
according to Penman are used; 
g = a reduction factor, allowing for 1) d i screpancies between the values 
used and the rea l values of E , 2 ) for differences in climatological 
exposition of the site and 3) for differences in flow res i s t ance in the 
plant; 
évapotranspirat ion only dependent from the soil mois tu re content and 
more specifically not influenced by the p rope r t i e s , accounted for by g. 
The real évapotranspirat ion E is equal to gE*; 
availability level of soil mois ture content according: 
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G, a and b are constants of the desorption curve; v the apparent pore 
r
 max J ' r r 
space and v the soil mois ture content. u> stands for the soil mois ture 
s t r e s s at a mois ture content v. Generally n has the value 2 so that n-1 
will be unity. The value of a is of the order of 3. The value of b may 
change from 0 to 10 or higher and is very var iab le ; 
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th A. = availability factor for the i layer of the profile with: 
Here L is the thickness of each layer , d the radius of the cylinder of 
mois ture extract ion around each root and r the average radius of 
P & 
the roo ts . All values may vary from layer to layer ; 
k 
s 
= measu re for the unsaturated permeabi l i ty , derived from the 
n ' 
max relat ion: 
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This re la t ion between the capil lary conductivity k , the saturated 
conductivity k , the maximum pore size r , the size of the 
1
 s max 
la rges t pore r containing mois tu re and an exponent n desc r ibes 
the change in capi l lary conductivity with changing mois tu re contenl 
and changing size of the l a rges t water filled p o r e . The value of 
k vanishes by el imination, the r i s substi tuted by the value of 
c ' c ' 
the availabili ty level V; 
h = number of plants per unit a r ea ; 
P 
s,As = the flow res i s t ance in the plant according the Darcy formula for 
mois ture flow 
P~< 1 • 
1 
AS,-^- (5) KT 
s s 
In this formula 1 stands for the length of the section of the flow path, 
th k for the conductivity and F for the c ro s s sectional a r ea of the j 
section or for the s section, the section of the s tomata . Fo r s the 
sum of the flow res i s tance is taken, with the exception of the flow 
res i s t ance A s of the s tomata . 
All units should be expressed in a consistent sys tem, especial ly the 
formula (7), obtained by integrat ion. 
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The only sensible solution is that a dec rease in the t r ansmiss ib i l i ty 
k F means a dec rea se in the value of g and because of the relat ion E = gE*, 
s s ° 
a dec rease in the rea l évapotranspira t ion E . 
Now by dec reas ing value of the availability 2. AV, the stomata will close 
more and m o r e and the success ive évapotranspi ra t ion values will shift to 
curves with decreas ing value of g (fig. 3a). Up to now, not much of such 
curving to the right of the lower end of the exper imenta l curves has been 
observed (fig. 3b). 
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Fig. 3. In case the stomata would have an active influence on évapo t rans -
pi ra t ion, super imposed on the influence of the mois ture content of 
the soil , this would mean that exper imental curves would be found, 
shifting from a higher value of g to lower ones . The s-shaped dotted 
curve of fig. 3a might be expected. Not much evidence for such 
influence can be obtained, however , from exper imenta l data (fig. 3b) 
An autonomous influence of the s tomata was not to be expected. The s to -
mata regulate the loss of water to a value as near ly equal to the uptake of 
water by the roots as is poss ib le . Thereby the tu rgor of the plant i s m a i n -
tained to the u tmos t . The explanation of the activity of the s tomata cannot 
be found in the stomata or the plant, but in the mois tu re situation in the soil. 
The influence of the s tomata therefore does not constitute an independent 
var iable in the formula for the évapotranspira t ion. 
- 6 -
The root system 
The significance of the size and dis tr ibut ion of the root sys tem is d e s -
cribed by the availability factors A. for the success ive l aye r s of the profile. 
F r o m formulae (1) and (2) may be deduced that the rat io A./A. between 
the availability factors of two layers may be computed from the soil 
mois ture contents of these l aye r s by solving the differential equation: 
a^l f^., f I A W " / H (6) 
i 
The constants G, a, b and n follow - see formulae (2) and (4) - from soil 
t e s t s . We assume a = 3, b = 1 and n = 2, whilst G cancels out, taking the 
case that the soil profile is homogeneous. Integration and r ea r r angemen t 
leads to the formula: 
(_ 7 V IL vtt J\ iL tt rmasx. / 
1
 'J- ti n 'J t ^ / 
J. -J- -K '  +i n ' - fL ""** ' (7) 
' . v I V v 
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For other values of a, b and n the solution will differ. As i layer is 
taken the layer with the most reliable observat ions of mois tu re extract ion. 
As soil sampling data two or more success ive data should be taken, without 
ra in or other mois ture supply in the in terval . 
When the values of oC .. are known, the value of A, a re found as 
ij 1. . . u 
Ao(. , by calculating the values of 2=(V and 2 . ^ . A follows from: 
l, 1. . . u ' ° 
e'-' V' }Eo_E j*i v * 
r» 1 
Here I stands for (h / s +.âs) " but this value is smal l and may be 
neglected so that the second t e r m of the denominator may be omitted. Ob-
servat ions with smal l values of gE - E and an increas ing magnitude of the 
second t e r m have slight indicative value for the computation of A and may 
be left out. 
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Example 
An example of calculation is given for a homogeneous soil , with a 
recently sown g ra s s sod. The frequency of observation of the soil moi s tu re 
content in l ayers of 20 cm was once in a fortnight. The mois ture content 
should be expressed in a per unit sca le . 
The resu l t s for J. , . in table 1 c lear ly show how quickly the capacity 
«^  .. of the plant to ext rac t water d iminishes with increasing depth. This 
dec rease is sufficiently close to a geomet r ica l s e r i e s with an argument of 
0. 225. This means that in this case the availability factor of the next 
deeper layer of 20 cm is 22. 5% of the factor of the higher layer (fig. 4). 
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Fig . 4. The log of &L • for a 
homogeneous soil and 
the three consecutive sampling 
data of table 1 show a l inear 
relat ion with the depth below 
soil surface, which p roves tha' 
the mois ture extract ion capaci 
ty of the root sys tem d e c r e a s e 
according to a geomet r ica l 
se r ies 
The ratio of the oC -values to each other is proport ional to the number 
of roots n per unit a r ea accord ing: 
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as comparison with formula (3) may show. This relat ion enables one to 
compute activity constants for unit length or unit weight of the plant roots 
in relat ion to depth. 
There is in fig. 4 some sca t t e r in the resu l t s for success ive l aye r s or 
sampling data. This may be due to e r r o r s in the mois tu re de terminat ion 
- here neutron probe readings - as well as to capi l lary movement between 
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soil l aye r s without the plant as media tor . It also may be due to an i nc r ea se 
or dec rease with t ime in the number of active roo t s , or to penetrat ion of the 
roots to deeper l a y e r s . Work is in p r o g r e s s to get to a be t ter understanding 
of the extract ive capacity of the plant and of the e r r o r s involved in the 
determinat ion of this plant p roper ty . 
Summary 
The way in which rea l évapotranspira t ion depends on the evaporative 
capacity of the a tmosphere , the soil mois ture content and the density and 
distr ibution of the root sys tem, can be descr ibed by an equation based on 
the formula of Darcy. 
The ext ract ive capacity of the root system d e c r e a s e s rapidly with in-
creas ing depth. In a homogeneous soil this dec rea se may be descr ibed by 
a geometr ica l s e r i e s . 
Up to now no autonomous effect of the s tomata could be shown. They 
apparently only regulate the évapotranspira t ion to be as equal to the uptake 
of water as poss ib le . The explanation of the regulat ive activity of the stomata 
has to be found in the changing mois ture situation in the soil and the evapora-
tive capacity of the a tmosphe re . The s tomatal ape r tu re is no free var iab le 
in the p r o c e s s and in the given formula. 
This formula enables one to elucidate the influence of environmental 
factors on évapotranspira t ion and the influence of moi s tu re extract ion by 
the plant on the shape of the mois tu re profi le . It is a lso possible to calculate 
a number of evaporat ion p a r a m e t e r s , which consis t of soil , plant and site 
constants with a definite physical meaning. The plant activity constants , 
often not so easy to de te rmine , may be computed by inser t ing the soil 
constants in the complex evaporation p a r a m e t e r s . 
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